Background. A scorecard to evaluate magnetic resonance imaging (MRI) findings during the course of leptomeningeal metastases (LM) has been proposed by the Response Assessment in Neuro-Oncology (RANO) group. Methods. To explore the feasibility of the Leptomeningeal Assessment in Neuro-Oncology (LANO) scorecard, cerebrospinal MRIs of 22 patients with LM from solid tumors were scored by 10 neuro-oncologists and 9 neuroradiologists at baseline and at follow-up after treatment. Raters were blinded for clinical data including treatment. Agreement between raters of single items was evaluated using a Krippendorff alpha coefficient. Agreement between numerical parameters such as scores for changes between baseline and follow-up and total scores was evaluated by determining the intraclass coefficient of correlation. Results. Most raters experienced problems with the instructions of the scorecard. No acceptable alpha concordance coefficient was obtained for the rating of single items at baseline or follow-up. The most concordant ratings were obtained for spinal nodules. The concordances were worst for brain linear leptomeningeal enhancement and cranial nerve enhancement. Discordance was less prominent among neuroradiologists than among Downloaded from https://academic.oup.com
1. Validated tools to diagnose and assess course of disease in leptomeningeal metastasis are lacking.
2. A panel of experienced neuroradiologists and neuro-oncologists failed to arrive at consensus ratings using the RANO LM score.
3. A novel leptomeningeal metastasis rating score based on the current survey is proposed.
Five to ten percent of solid cancer patients will present with leptomeningeal metastases (LM) during the course of their disease. Survival is limited to only 10% of patients alive at one year across solid cancer entities. [1] [2] [3] [4] [5] Response Assessment in Neuro-Oncology (RANO) formed a Leptomeningeal Assessment in Neuro-Oncology (LANO) working group that generated a proposal on the response assessment in LM. 6 The first European Association of Neuro-Oncology (EANO) and European Society for Medical Oncology (ESMO) guidelines on LM 7 aimed at further standardizing diagnosis and therapeutic approaches. The diagnosis of LM and response assessment during follow-up depend on clinical examination, cerebrospinal imaging, and standard cerebrospinal fluid (CSF) cytology. Typical symptoms and signs of LM include headache; nausea and vomiting; mental changes; gait difficulties; cranial nerve palsies, such as with diplopia or visual disturbance (cranial nerves II, III, IV, VI) and hearing loss (cranial nerve VIII); radicular signs including weakness, voiding, and cauda equina problems; and focal or radicular neck and back pain. Characteristic MRI findings include leptomeningeal enhancement or linear ependymal enhancement, cranial and spinal nerve root enhancement, and leptomeningeal enhancing nodules, notably of the cauda equina. CSF cytological analysis should be reported as (i) positive, defined as the presence of malignant cells in the CSF; (ii) equivocal, corresponding to the detection of suspicious or atypical cells in the CSF; or (iii) negative, defined as the absence of malignant or potentially malignant (suspicious or equivocal) cells in the CSF.
A standardized scorecard to aid in the evaluation of MRI findings during the course of disease has been proposed by the LANO group. In this scorecard, LM main features and the different types of CNS metastases shall be reported as present or absent, dimensions of measurable nodules can be noted, and changes from the previous MRI shall be scored from −3 to +3 (Supplementary Table 1 , left panel). 6 We explore here the feasibility of this scorecard for the evaluation of response in 22 patients treated for LM.
Materials and Methods

MRI Evaluation
Anonymized paired MRI scans from 22 adult patients with LM from breast cancer, lung cancer, or melanoma treated between baseline and follow-up evaluation at Oscar Lambret Cancer Center, Lille, France, were used. All except 1 patient were dead at the time of the project; the surviving patient provided written consent. The scans were provided to each participant with a copy of the LANO scorecard and its instructions as published in the original manuscript, 6 without other recommendations to avoid bias in the interpretation. Brain MRI included unenhanced axial T1-weighted, axial fluid attenuated inversion recovery, and axial diffusion-weighted and gadolinium-enhanced T1-weighted 3D sequences. Spinal MRI included sagittal T2-weighted and unenhanced as well as contrast-enhanced T1-weighted sequences, supplemented by axial images as needed. Participating raters were senior neuro-oncologists (n = 10) or senior neuroradiologists (n = 9), who are all authors of this article. They were blinded to clinical characteristics and treatments received
Importance of the Study
A standardized approach is recommended for the assessment of response in LM; however, no such approach has been validated yet. We explore here the feasibility of the scorecard proposed by the RANO group. A panel of 10 neuro-oncologists and 9 neuroradiologists experienced challenges not only with the instructions of the scorecard, but also in arriving at concordant ratings for many items. We conclude that the present scorecard is not adequate for clinical practice or for clinical trials, but needs to be simplified, improved, and again validated. 
Statistical Analysis
Binary variables are described with frequencies, continuous parameters with medians and quartiles. Interrater agreement for binary variables (such as absence or presence of a feature on the MRI) was assessed using the Krippendorff α statistic. 8 Values close to 1 indicate high interrater agreement, whereas values close to 0 indicate that agreement in raters' measurements of that feature for the same patient is by chance. An alpha coefficient of ≥0.8 is usually considered reliable, an alpha coefficient of 0.800 > alpha ≥0.667 may be acceptable, and measures with alpha <0.667 show disagreement. Interrater agreement between numerical parameters such as scores for changes between baseline and follow-up and of the total scores was evaluated by determining the intraclass correlation coefficient (ICC). 9 An ICC >0.8 indicates good agreement. In order to detect discordant raters who could lower the agreement, we computed measures of influence. There is no gold standard to address this question and we do not know the "true" value of a parameter. For binary parameters, the reference value for a patient was determined as 1 if at least 10 raters among the 19 rated 1; 0 otherwise. So, for each rater, we can compute a score from 0 to 440 (20 parameters and 22 patients) corresponding to the number of items coded the same as the reference value. For numerical parameters, reference values for a patient were computed as the median of the values of the 19 raters. For each rater, we were thus able to compute a distance from the reference values. Box-plot representation was used to detect abnormal raters. Analyses were performed with SAS v9.4 and SPSS 22.
This study was approved under the number 2018-00192 by the Cantonal Ethics Committee Zurich.
Results
Characteristics of Patients and MRI
LM was confirmed in 18 cases, probable in 2 cases, and possible in 2 cases according to EANO ESMO guidelines. Primary tumors were breast cancer (n = 16), melanoma (n = 3), and lung cancer (n = 3). Median age at LM diagnosis was 58.5 years (range 31-74). Ten patients had been treated for CNS metastases prior to the diagnosis of LM. Therapeutic measures between the 2 MRI assessments included systemic treatment alone in 7 patients, a combination of systemic and intra-CSF pharmacotherapy in 11 patients, a combination of systemic treatment and focal radiotherapy in 1 patient, and a combination of systemic and intra-CSF treatment and focal radiotherapy in 3 patients. No whole brain radiotherapy was administered. Median overall survival from LM diagnosis was 193 days (range 56-1121) (Supplementary Table 2 ). The median interval between brain and spinal MRI at baseline was 1 day (range 0-23); the 2 examinations were performed on the same day in 11 patients. The median interval between the first MRI at baseline and the first MRI during follow-up was 2.7 months (range 0.82-9.1 mo). Follow-up brain and spinal MRI were performed on the same day for 20 patients (Supplementary Table 3 ).
Feasibility of the LANO Scorecard
After receipt of the completed scorecards and comments, we observed that the instructions for columns 2 and 3, where the different LM characteristics should be scored as present/absent/non-evaluable and measured, were interpreted differently between raters. Especially, it was not clear whether these columns referred to the baseline or the follow-up MRI evaluation. All raters were then asked to complete 2 more columns, with evaluation of the LM characteristics at baseline and at first evaluation after treatment, for clarification (Supplementary Table 1 , right panel).
Rating of Single Items of the LANO Scorecard
Supplementary Table 4 summarizes the assessment of the 10 items of the baseline MRI by the raters. A high variability was observed when evaluating the median values, ranges, and quartiles of the absence or presence of single items ( Figure  1A , Supplementary Table 5 ). For instance, for leptomeningeal nodules in the brain, the most conservative rater saw these in only 6 patients (27%), whereas the least conservative rater saw them in 19 patients (86%). There was no acceptable interobserver agreement, since all the values of the alpha Krippendorff coefficient were inferior to 0.67, both for all raters pooled and for neuro-oncologists and neuroradiologists considered separately (Table 1) . Among LM-relevant items, the best interobserver concordance was seen for the evaluation of spinal leptomeningeal nodules and for spinal linear leptomeningeal and nerve root enhancement, with alpha coefficients of 0.60, 0.45, and 0.45. Yet, spinal nodules were noted by only 25% of the raters, thus, in most cases, the raters agreed on the absence of spinal nodules. The majority of raters diagnosed spinal nodules in patient (P) 13 and P22 ( Figure 1B , Supplementary Table 4 ). Poor interobserver agreement was obtained for brain-related items, with alpha coefficients of 0.40-0.41. Among non-LM-related items, the best agreement was observed for intramedullary metastases, with an alpha coefficient of 0.57. Yet, intramedullary metastases were scored as absent by 91% of the raters. The alpha coefficients for epidural metastases, brain metastases, and hydrocephalus were below 0.50. Expectedly, similar results were obtained when the rating of single items of the follow-up examination were analyzed (data not shown).
The raters were also asked to determine the size of any measurable LM nodules using maximum orthogonal diameters. Supplementary Table 6 shows that most nodules were considered nonmeasurable, with the exception of P6, P18, and P21 for brain nodules and of P3, P11, and P22 for spinal nodules, which were rated measurable by more than 50% of the raters.
Deriving Total Sum Scores from the LANO Scorecard
Next we analyzed the total sum scores of the LANO scorecard. To explore the validity and the clinical usefulness of Abbreviations: NO: neuro-oncologists, NR: neuroradiologists.
*An alpha coefficient of ≥0.8 is usually considered reliable, an alpha coefficient of 0.800 > alpha ≥0.667 may be acceptable, and measures with alpha <0.667 show disagreement. LM-related items are printed in bold.
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the sum scores, we had to introduce modifications into the analysis. First, we report the "real life" sum scores as provided by the raters and excluded raters who had not provided a sum score; 6 raters did not provide a sum score for at least one patient (sum score 1). Second, we recalculated the scores for all raters including only the 7 items as proposed by the LANO group (brain nodules, brain leptomeningeal enhancement, cranial nerve enhancement, spinal nodules, spinal leptomeningeal enhancement, nerve root enhancement, and epidural metastases) (sum score 2). Third, we calculated a 6-item score omitting epidural lesions because these should not be part of LM assessment (sum score 3) (Supplementary Table 7 ). The agreement between raters for the sum scores is shown in Table 2 and Figure 1C . The ICC was always below 0.8, indicating poor agreement.
Rating of Change for Single Items of the LANO Scorecard
We then looked at the change between baseline and first evaluation for each item of the LANO scorecard. Supplementary Table 8 indicates how the change from baseline was rated for each item of the LANO scorecard. The agreement between the raters was again low (Table  3) . When considering the LM items, the best results were obtained for cranial nerve enhancement (ICC = 0.45), which still reflects very poor agreement. When considering non-LM items, the highest agreement was obtained for brain metastases (ICC = 0.54), whereas agreements for hydrocephalus, epidural metastases, and especially intramedullary changes were low, with a negative value of ICC suggesting actual disagreement among raters. A comparison of neuro-oncologists and neuroradiologists indicated less agreement among neuro-oncologists, but also the neuroradiologists never achieved an ICC of 0.8.
Deriving Composite Scores of Change from the LANO Scorecard
Composite scores of change (total change score 1) were always filled in by 15 raters, never filled in by 3 raters, and 1 rater omitted one case. To explore the validity and the clinical usefulness of the composite scores, we applied the same modifications as in Supplementary Table 7 to derive scores of change for LM-related items based on 7 respectively 6 items. The mean values and ranges of the 3 composite change scores are reported in Supplementary  Table 9 and show again strong variability among raters. This was confirmed when evaluating the interobserver agreement by calculating the ICC, which never reached 0.8 for any of the composite change scores, but confirmed the trend for more agreement among neuroradiologists (Table 4A, Figure 1D ). We also explored whether specific patients or raters were largely responsible for the poor interrater agreement. This was not the case for specific patients (data not shown), but omission of ratings from 2 "outlier" neuro-oncologists resulted in much better agreement, but still not to an acceptable level (Table 4B) .
Assessing Response Using the LANO Scorecard
According to the LANO publication, 6 progressive disease is defined by a 25% worsening of the score between baseline and follow-up, whereas a partial response corresponds to a 50% improvement of the score, a resolution of all baseline MRI abnormalities to a complete response, and all other situations to stable disease. However, the total LANO score in column 4 (Supplementary Table 1 , left), which can assume values between -21 and +21, represents a score that summarizes relative changes. A relative change score cannot be put into a percentage relation to an absolute score at baseline, and the LANO recommendations provide no guidance of how to derive such a score. Accordingly, progressive disease or partial response cannot be determined using this approach.
Discussion
Among various initiatives of the RANO working group, a recommendation for MRI-based diagnostic assessment and response evaluation in LM based on a dedicated scorecard has been developed. 6 A literature survey indicated that this score has not been used in publications on LM and we assume that it has not been introduced into clinical practice either. Accordingly, here we sought to explore the feasibility of this scorecard by requesting 10 neuro-oncologists and 9 neuroradiologists to rate 22 paired MRI series of patients 
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with diagnosed LM (baseline) and subsequently treated for LM (follow-up scan). The study was set up in a naturalistic way so as to simulate introduction of this scoring system into a clinical trial or clinical routine.
Neither the neuro-oncologists nor the neuroradiologists achieved adequate interobserver agreement. Among the LM-related items, spinal, although not brain, nodules were scored more consistently than the items related to linear contrast enhancement, although participants mostly agreed on the absence rather than presence of nodules (Table 1) . Since the LANO scorecard asks for the absence or presence of nodules without defining a nodule, the raters assessed for nodules without guidance of their definition. We noted, however, that the vast majority of nodules were considered nonmeasurable and were thus likely smaller than 5 × 10 mm (Supplementary Table 6 ). Even when the total scores of change were edited upon central review of all feedback to correct for erroneous consideration of non-LM-related items according to the original LANO score and when epidural metastases were excluded, corresponding to sum score 3, there was still poor agreement ( Figure 1C, D) . We noted a trend to more consistent ratings provided by neuroradiologists compared with neuro-oncologists, but even neuroradiologists remained far from the threshold level of agreement of 0.8. Still, this trend may be interpreted to signify the need for professional (neuroradiologist) assessment of neuroimaging in LM.
The results of this effort show that the current scorecard is not useful, neither for current clinical practice nor for clinical trial conduct. Some instructions are apparently not sufficiently clear, or the scorecard is too complicated, or both (Supplementary Table 1 ). Specific challenges were (i) to understand that the form should be used to rate the current MRI and to compare it with the previous one, (ii) to use the proposed rating with "minus" or "plus" options to assess the change, and (iii) to derive a sum score that does not take into consideration (per instruction) changes for the items "hydrocephalus, " "brain metastases, " and "parenchymal medullary metastases. "
In addition to the apparent challenges for experienced raters (the authors of this manuscript) to use the LANO scorecard instructions without further instructions, we identified additional weaknesses that should be overcome in a revised version of a structured tool for LM. These include elimination of epidural metastases from response assessment, the definition of a nodule, the distinction of leptomeningeal versus parenchymal brain disease, and parallel but clearly separate criteria to document brain parenchymal disease. Table 5 summarizes a proposal for a revised, greatly simplified scorecard that will require an iteration of the validation process conducted here for the prior version.
This study has limitations by its design. The raters were not specifically trained to use the LANO scorecard, but we preferred this approach to simulate clinical practice and base assessment only on the original instructions (rather than on interpretations provided by some of us). Inescapably, we conclude that the imaging response assessment of LM remains challenging and that the first LANO effort is not suitable to allow disease assessment in clinical practice or in clinical trials. We have incorporated the pitfalls and weaknesses observed with the current scorecard into the design of a new scorecard that will now undergo a similar process of evaluation. Meanwhile, we conclude that central imaging review in real time is essential for clinical trials in LM that involve imaging-based endpoints. The involvement of dedicated neuroradiologists at each clinical trial site is highly recommended and personal training to use MRI evaluation guidelines represents an option until more suitable standardized criteria have been developed. 
Spine
Parenchymal (intramedullary) metastases
Abbreviations: CR = complete response, PD = partial response, SD = stable disease, PD = progressive disease.
Explanations: 1 A nodule is a contrast-enhancing lesion that is defined as LM-related as opposed to parenchymal if there is direct contact (less than 2 mm distance) between the outer edge of the nodule and the leptomeninges on contrast-enhanced scans.
2
Leptomeningeal linear enhancement may include cranial nerve or spinal nerve root, cerebellar folia, ventricular ependymal, or cerebral sulcal enhancement.
3
Hydrocephalus is assessed by determining the Evans index calculated on T1-weighted axial MR images. It represents the ratio of the largest diameter at the maximal width of the frontal horns relative to the largest internal diameter of the cranium on the same slide (Brix et al. Eur J Radiol 2017;95:28-32). 4 These items shall be documented as present or absent, but are not used for LM response assessment. 5 NE refers to scans that cannot be assessed for poor quality or incomplete sequences. 6 Not applicable.
7
Therapeutic options for LM that should be noted here include any neurosurgical intervention, radiotherapy with information on the target of irradiation, systemic pharmacotherapy, and intrathecal pharmacotherapy. Assessing response treatment requires precise information on treatment delivered.
8
Progression is diagnosed if there is at least one new measurable nodule, if at least one measurable nodule that does not reach 10 mm in its two largest perpendicular diameters, increases in the product of the largest perpendicular diameters by 50% or more, if at least one nodule of at least 10 mm diameter in its perpendicular diameters increases in the product of the largest perpendicular diameters by 25% or more, or if the largest ventricular diameter increases by at least 25%.
De novo linear leptomeningeal contrast enhancement alone also qualifies for progression unless attributable to lumbar puncture. Partial response requires regression of the size of all measurable nodules by 50% or more, without an increase in ventricular size. Complete response requires resolution of all contrast-enhancing, LM-related measurable lesions, without an increase in ventricular size. All other situations are considered stable disease. LM without measurable nodules can only remain stable as its best response. Linear enhancement cannot be quantified and is thus only noted as absent or present, but not used for response assessment unless developing de novo or affecting the leptomeninges in anatomic regions not previously affected-then this constitutes progressive disease. Deterioration in any one item qualifying for progression will be sufficient to call progression. 9 According to RANO imaging criteria for brain metastasis (Lin et al. Lancet Oncology 2015;16:e270-8).
Technical considerations
MRI scans should be performed on the same scanner or at least a device of identical field strength during follow-up using the same imaging protocol at all timepoints during the follow-up, gadolinium-based contrast agent should be injected ideally 10 min, but not less than 5 min before acquisition of T1-weighted sequences and the slice thickness should be 1 mm or less in the brain and 3 mm or less for the spinal cord, as the leptomeningeal enhancement may have complex aspects and is commonly linear (Le Rhun et al. Ann Oncol 2017;28:iv84-iv99).
Since lumbar punctures may induce leptomeningeal enhancement, the date(s) of the last CSF analysis performed before MRI acquisition should appear on the grid. 
